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THERAPEUTIC T REATMENT DEVIC E WITH INCOHERENT AND COHERENT LIGHT SOURCES 
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The present invention relates to a therapeutic treatment device for non-invasive treat- 
ment of skin-disorders such as discolouring, acne, wrinkles, blood vessels, cellulite 
and stretch marks. Furthermore the device can be used to remove unwanted hair, sof- 
tening of scar tissue and other skin-disorders. 

Background of the invention 

It is known in the prior art to use electromagnetic radiation in medical application for 
therapeutic uses such as treatment of skin disorders. For example, US patent No. 
4,298,005 to Mutzhas describes a continuous ultraviolet lamp with cosmetic, photo 
biological, and photochemical applications. A treatment based on using the UV por- 
tion of the spectrum and its photochemical interaction with the skin is described. The 
power delivered to the skin using Mutzhas' lamp is described as 150 W/m 2 , which 
does not have a significant effect on skin temperature. 

In addition to prior art treatment involving UV light, lasers have been used for derma- 
tological procedures, including Argon lasers, C0 2 lasers, Nd(Yag) lasers, Cooper va- 
pour lasers, ruby lasers and dye lasers. For example, US patent No. 4,829,262 to Fu- 
rumoto, describes a method of constructing a dye laser used in dermatology applica- 
tions. Two skin conditions which may be treated by laser radiation are external skin 
irregularities such as local differences in the pigmentation or structure of the skin, and 
vascular disorders lying deeper under the skin which cause a variety of skin abnor- 
malities including port wine stains, telangiectasias, leg veins and cheny and spider 
angiomas. Laser treatment of these skin disorders generally includes localised heating 
of the treatment area by absorption of laser radiation. Heating the skin changes or cor- 
rects the skin disorder and causes the fiill or partial disappearance of the skin abnor- 
mality. 

Certain external disorders such as pigmented lesions can also be treated by heating the 
skin very fast to a high enough temperature in order to evaporate parts of the skin. 
Deeper-lying vascular disorders are more typically treated by heating the blood to a 
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high enough temperature to cause it to coagulate. The disorder will then eventually 
disappear. To control the treatment depth a pulsed radiation source is often used. The 
depth the heat penetrates in the blood vessel is controlled by controlling the pulse 
wave band width of the radiation source. The absorption and scattering coefficients of 
the skin also affect the heat penetration. These coefficients are a function of the con- 
stituents of skin and the wavelength of the radiation. Specifically, the absorption coef- 
ficient of light in the epidermis and dermis tends to be a slowly varying, monotonically 
decreasing function of wavelength. Thus, the wavelength of the light should be condi- 
tioned according to the vessel size being treated. 

The effectiveness of lasers for applications such as tattoo removal and removal of birth 
and age marks is diminished because lasers are monochromatic. A laser of a given 
wavelength may be effectively used to treat a first type of skin pigmentation disorder, 
but, if the specific wavelength of the laser is not absorbed efficiently by skin having a 
second type of disorder, it will be ineffective for the second type of skin disorder. 
Also, lasers are usually complicated, expensive to manufacture, large in comparison to 
the amount of power delivered, unreliable and difficult to maintain. 

The wavelength of the light also affects vascular disorder treatment because blood 
content in the vicinity of the vascular disorders varies, and blood content affects the 
absorption coefficient of the treatment area. Oxyhemoglobin is the main chromophore 
which controls the optical properties of blood and has strong absorption bands in the 
visible region. More particularly, the strongest absorption peak of oxyhemoglobin oc- 
curs at 418 nm and has a band-width of 60 nm. Two additional absorption peaks with 
lower absorption coefficients occur at 542 and 577 nm. The total band-width of these 
two peaks is in the order of 100 nm. Additionally, light in the wavelength range of 500 
to 550 nm is desirable for the treatment of blood vessel disorders of the skin since it is 
absorbed by the blood and penetrates through the skin. Longer wavelengths up to 1000 
nm are also effective since they can penetrate deeper into the skin, heating the blood 
vessel by thermal conductivity. Also, longer wavelengths are effective for treatment of 
larger diameter vessels because the lower absorption coefficient is compensated for by 
the longer path of light in the vessel. 
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Especially when treating vascular disorders in the vicinity of the skin surface, it was 
found during development of the present device that treatment in the red spectrum 
turned the haemoglobin instantly into oxyhemoglobin. Oxyhemoglobin is easily de- 
tectable as a black colouring. As this takes place in the entire area treated and as it 
5 spreads out with the bloodstream and furthermore lasts for a period of time, this effect 
is undesirable. 

Object of the invention 

10 Accordingly, a wide band electromagnetic radiation source that covers the near UV 
and the visible portion of the spectrum would be desirable for treatment of external 
skin and vascular disorders. The overall range of wavelengths of the light source 
should be sufficient to optimise treatment for any of a number applications. Such a 
therapeutic electromagnetic radiation device should also be capable of providing an 

15 optimal wavelength range within the overall range for the specific disorder being 
treated. The intensity of the light should be sufficient to cause the required internal 
and/or external thermal effect by raising the temperature in or around the treatment 
area to the required temperature, but without causing pain or skin problems. Also, the 
pulse-width should be variable over a wide enough range so as to achieve the optimal 

20 penetration depth for each application. 

Therefore, it is desirable to provide a therapeutic treatment device comprising one or 
more light sources having a wide range of wavelengths, which can be selected accord- 
ing to the required skin treatment, with a controlled pulse band width and a high 
25 enough energy density for application to and in the- affected area. 

Summary of the invention 

It is therefore an object of the present invention to provide a therapeutic treatment de- 
30 vice comprising a trigger mechanism and means for providing energy to a light source, 
wherein the device comprises at least one incoherent light source and/or one or more 
coherent light sources. Some types of skin treatment as mentioned above require that 
the light energy can be transmitted to a certain depth under the skin in order to be ac- 
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tive in the pigmented layers of the skin if discolouring or the like are to be treated or 
the light should penetrate deeper to the fat layers of the skin in instances where the 
treatment is to avoid and/or mitigate stretch marks, cellulite or acne. 

5 Also for stimulating the skin's collagen content and production it is necessary to direct 
the light energy to these specific areas at specific wave lengths in the skin, such that 
the collagen production will be stimulated. Increased collagen production helps the 
skin to remain flexible and smoothen out wrinkles or retard the formation of wrinkles. 
By combining different types of light sources, it is possible to provide variable intensi- 
10 ties at different specific wave lengths and thereby optimise the treatment 

Furthermore, tests have indicated that the blood's ability to produce collagen can be 
stimulated by introducing energy into the skin tissue. As the collagen helps in achiev- 
ing a more supple tissue, which improves healing of scares as well as prevents acne 
15 and other skin disorders this is a desirable feature. By stressing the capillary blood 
vessels almost to the damage level during a cycle of treatments, the collagen produc- 
tion can be greatly improved. Therefore, treatment with a device comprising suitable 
light source means and appropriate filter means can improve skin healing. The treat- 
ment should be carried out both before and after scar formation. 

20 

In a further advantageous embodiment the device is arranged such that each light 
source can be controlled independently of the other light sources. It is hereby possible 
to design a sequence of different light flashes such that during the treatment, the se- 
quence of flashes are designed in order to optimise the effect of the delivered energy to 
25 the skin. 

In a further advantageous embodiment one of the light sources is designed to emit a 
series of light pulses. For most treatments the amount of energy delivered to the skin is 
decisive on the successful treatment. Especially when removing unwanted hair or 
30 treating other disorders, it is important to deliver the maximum amount of energy in a 
very short time span, such that the energy intensity is maximised. On the other hand, it 
is also important to limit the amount of delivered energy such that unwanted side ef- 
fects in the shape of pain burns, discolouring arising from the light treatment etc. can 
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be avoided. In this connection, in the light of the present invention it has been found 
that by rapidly flashing one device or a series of many devices rapidly one after the 
other, the energy intensity in the zone which has to be treated can be greatly increased 
without the risk of the side effects. It hereby becomes possible to carry out an effective 
5 treatment without the risk of side effects. 

In a still further advantageous embodiment a filter can be arrange such that the emitted 
light will travel through the filter. In this way it is possible to select the optimum band 
of wavelengths which will have the most effective treatment according to the disorder 

1 0 which is to be treated. For example it is known that water absorbs energy at the wave- 
length 1015 run. In order to avoid overheating in the skin it is desirable to avoid puls- 
ing too much light energy at this wave length into the skin, whereby over heating due 
to water's absorption of the energy can be avoided, and therefore a more efficient 
treatment of the disorder can be achieved instead of spending the energy on heating 

15 the skin's content of water. A similar relationship is applicable for treating vascular 
disorders such as blood vessels immediately under the skin or rosacea which is an 
acne-like disease, often in central parts of the face. For treatment of these kinds of 
disorders it is interesting to be able to use specific wavelengths for treating the blood 
vessels under the skin, and for stimulating the collagen production. 

20 

In a still further advantageous embodiment different filters or no filter at all can be 
arranged with respect to every distinct light source. Hereby it becomes possible to de- 
sign the light treatment for a specific purpose. For example advantage can be taken of 
the feet that for treating some disorders, laser light is better than incoherent light as 
25 well as tests have shown that laser treatment has an increased efficiency if the skin 
prior to the laser treatment has been preheated. Preheating can for example be carried 
out by exposure to incoherent light sources which cause less damage to the tissue. 

As the light influences the skin's condition, especially in the outermost layers of the 
30 skin, the effective characteristics of the skin also changes. This in turn has influence 
on the effectiveness of the light treatment in that the skin's ability to absorb the trans- 
mitted energy varies according to the wavelength of the energy source and the compo- 
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sition of the tissue. Some of these changes in the skin characteristics are almost instan- 
taneous. 

In an embodiment of the invention a filter comprising different sections/areas is used. 
Each area/section filters light in a specific wavelength range and is moved across the 
light source during the light emitting sequence. By moving the appropriate filter at the 
right velocity across the light emitter, it is possible to transmit a high and constant 
level of energy into the tissue, even when the tissue's characteristics concerning ab- 
sorption ability and reflectivity changes. Depending on the skin type, type of treatment 
and selected light emitting means/sequence, the filter can be designed accordingly as 
the changes in the skin tissue are known. 

By combining the above mentioned features with the additional embodiment where 
each light source can be controlled independently with respect to intensity, pulse 
length, wavelength time delay for executing each light source in relation to another or 
time lapsed between each flash in a multi-flash device, the light treatment can be com- 
pletely controlled and designed according to the optimum treatment 

A special problem arises when treating darker skin. These skin types typically have a 
high content of melanin, the colouring ingredient in skin. Also, darker skin types usu- 
ally have darker hair. For treating these skin and hair types, more energy needs to be 
delivered to the skin. Hereby, the danger of causing burns, pain or other forms of irri- 
tation arises. These skin types can advantageously be preheated up to 50-60°C or even 
80°C before the light treatment Temperature means, for example in the shape of an 
infrared thermometer, may be arranged and, optionally, connected to a control cir- 
cuitry in the device for controlling the skin and/or tissue temperature in the treatment 
area. 

Tests have indicated that it is the difference in temperature within the skin which 
causes damage to the tissue. Therefore, by preheating the area around the treatment 
area, the temperature difference as well as the temperature gradient between not heated 
tissue and the treatment area can be minimize d while at the same time it is possible to 
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deliver enough energy into the desired skin layer or hair follicle for successful treat- 
ment. 

In still another embodiment according to the invention between two or more light 
5 sources are arranged in a reflector unit and a lens means is arranged in front of the 
reflector. This embodiment is especially advantageous in that first of all the light emit- 
ting means will be presented as one single unit, namely the reflector dosed off by a 
lens element, but also by the necessary light sources in the same unit A complete 
treatment can be facilitated by this finished unit The lens element can be designed 
either alone or to cooperation with the reflector to target the emitted light at one well 
defined target area to be treated. 

In order to limit the light spectrum further, one or more of the light sources may be 
coated with a laser dye. The laser dye is a special kind of filter which is applied to the 
light source whereby the light source will only emit light in a certain spectrin i.e. at a 
certain wavelength according to which type of laser dye has been applied on the light 
source. 

r In practice the light sources are selected among flash bulbs, electronic flash tubes, 
laser diodes and maybe others. The laser diodes have shown to be emitting light at a 
sufficient high intensity, whereby enough energy can be transmitted to the skin. This is 
an important aspect in that prior our art devices using laser light were extremely, ex- 
pensive to manufacture and use. Furthermore the prior art devices could be selected to 
give very high energy doses. It is therefore necessary when using this kind of prior art 
devices to have qualified personnel operating it in order to avoid mistreatment 

The state of the art laser diodes however, are emitting light at energy levels which are 
safe to operate by non-trained personnel. Furthermore, by combining the special light 
emitted from disposable flash buJbs with the electronic flash tube lights and laser di- 
odes, it becomes possible to generate energy at limited energy levels in very well de- 
fined spectnuns i.e. at very well defined wave lengths. 
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The energy delivered to the skin is desired to be around 2 joules pr. cm 2 pr. flash. This 
energy density is high enough to have an effect on the skin disorders described above, 
but also it is not enough to cause damage to normal skin disorders or skin types. By 
combining different filters and selecting different intensities it is possible to take into 
consideration the type of skin to be treated i.e. fair skin should have lower intensity 
than darker skin. The treatment device can be applied in a number of applications for 
either therapeutic treatment or cosmetic treatment By selecting and/or combining dif- 
ferent fight sources with different wavelengths and intensities, designing these in a 
specific sequence and pulse length it is possible to design light treatment for the skin- 
disorders mentioned above. For removal of hair it is possible to first pulse or heat up 
the hair follicle, overlay the initial heating with a stronger light pulse whereby the hair 
sack will be destroyed. One specific example of how to design a hair removal treat- 
ment would be to first ignite a flash device and then within 100 or 200 milliseconds, 
ignite a second flash device and thereafter follow up by the more powerful laser fight 
source for destroying the hair sack. Additionally, a third flash devise can be ignited in 
order for the affected skin to cool down slower. In this fashion it is possible to com- 
bine and alter the sequence between flash bulb devices, electronic flashes, laser lights 
completely freely according to the most optimum treatment 

The invention also comprises a light emitting device comprising at least one incoher- 
ent light source and/or at least one coherent light source for use in a therapeutic treat- 
ment device as described above. 

This light emitting device is special in that the light sources are arranged in one re- 
placeable/disposable unit This is an especially advantageous feature with the present 
invention in that the device itself comprises the energy source and the trigger mecha- 
nism and can be used for multiple treatments for multiple disorders by simply select- 
ing the appropriate light emitting device comprising the appropriate collection of light 
sources designed for that specific treatment. The device can be deigned as a mobile 
handheld device whereby treatment can be carried out anywhere. Only the light emit- 
ting device has to be replaced. 



WO 2004/004831 PCT/DK2003/000349 

9 

la a further advantageous embodiment of the light emitting device, the constellation of 
different light sources in a device constitutes a complete specific treatment Hereby it 
is possible for the user to acquire a number of disposable units for repeated treatment 
or treatment of larger areas, and furthermore treatment for the specific skin-disorder. 
5 As explained above, different skin-disorders are due to different causes in the skin or 
fat tissue which are all susceptible to treatment by different wavelengths. By designing 
the light emitting devices such that they will emit the most optimum wavelengths as 
well as controlling the sequence of light emissions and the intensity of the light emit- 
ted, it will be possible in one disposable unit to design a specific treatment 

10 

Furthermore, by having knowledge about the energy levels required in order to treat 
fair skin in comparison to dark skin it is possible to design the disposable light emit- 
ting devices such that the user will be able to acquire complete treatments, especially 
tailored for their type of skin. 

15 

In a further advantageous embodiment the light sources are arranged in a replace- 
able/disposable reflector unit. The light emitting device is hereby equivalent to a regu- 
lar light bulb. Once the light emitting device has been activated and spent it can be 
disposed of very easily by replacing the entire bulb comprising one or more light 
20 sources and installing a new light emitting device either for treating the same kind of 
skin-disorder or treating a different kind of skin-disorder as described above. 

In a further embodiment the light emitting device comprises means for controlling the 
sequence and/or the pulse length, and/or intensity of each light emitting source. By 
25 incorporating control means for example in the form of a microchip and micro- 
switches it is possible, as explained above, to ignite different light sources at different 
times whereby a multitude of different treatments can be carried out according to the 
programming of the control means. 

30 Tests have shown that disposable flash lights emit light of an intensity which provides 
enough energy to have en effect on the skin. Likewise has testing of electronic flash 
devices comparable to those used in disposable cameras proved to be effective enough 
in order to be able to provide a multiple flash device for use in the present invention. 
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Together with laser diodes which steadily are becoming cheaper, it is hereby possible 
to combine these different types of light sources into one disposable light emitting 
device within a financial frame which makes it possible for many users to achieve. 

5 Tests have shown that by designing the light emission by varying the intensity, the 
pulse length and the wavelength, it is also possible to have an effect on the treatment 
of psoriasis as well as birthmarks. 

In connection with plastic surgery and especially for the healing of scars after surgical 
10 invasions, it has shown that the light treatment which stimulated the collagen produc- 
tion improves the healing process and minimizes scar tissue, whereby the traces of 
either plastic surgery or regular surgery will be minimised. The treatment can also be 
carried out before the surgery in order to prepare the skin in the effected area to be 
more flexible and stimulative and with a high collagen content 

15 

In one example of a treatment according to the invention, visible blood vains present 
in the lower leg area were treated. A device according to the invention was used. First, 
a series of "warming up" shots by an electronic flash device were directed against the 
area to be treated. With the prototype it is possible to treat an area of approximately up 
20 to 1600 mm 2 in one cycle. After the initial heating up of the area, an energy intense 
flash, i.e. up to 2 J/cm 2 was directed at the treatment area. 

The process which is accelerated or initiated in the skin is that in the warming up 
phase the blood is heated and a "blue response" phenomenon appears. This is due to 
25 the haemoglobin comprising oxygen is deoxidised whereby the blue colour appears in 
the area. During exposure to the actual treatment flash dose the haemoglobin in the 
blood in the treatment area looses an oxygen molecule and hooks up with a Fe- 
molecule, whereby so-called met-haemoglobin is created. This is detected as a black 
colouring in the treatment area. 

30 

To the patient the flash treatment is conceived as the blood veins in the vicinity of the 
skin surface will be destroyed. The blood will coagulate and created what looks like a 
severe bruise (black and blue). As the veins are destroyed, the normal blood circula- 
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tion in the area will transport the met-haemoglobin away from the area, which after a 
period of time will regain its normal skin tone. 



